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ABSTRACT
Pacific hake, Merluaaius produatus, have not been utilized
to a large extent in California but they are considered to be
a latent resource of considerable magnitude.
The take is small at present with most landings made
for animal food. A combination of economic and handling
problems has prevented the expansion of the fishery.
( 2 )
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STATUS OF THE PACIFIC HAKE RESOURCE AND ITS MANAGEMENT
by
Tom Jow
HISTORY OF THE FISHERY
Pacific hake, Me~Zucciu8 P~OdUCtu8 (Ayres) 1855, have not been uti-
lized to a large extent despite their apparent abundance off California.
Croker (1942) considered hake to be a latent resource but recognized that
for food use hake had to be landed fresh. Holmberg (1947) noted that
hake were available but attributed the lack of landings to the soft flesh
and the unsatisfactory condition of hake when marketed. Paul (1960)
regarded hake a latent resource of considerable magnitude. In larvae sur-
veys of the California Cooperative Oceanic Fisheries Investigation, hake
larvae were most abundant in 1951 and 1952 (Ahlstrom and Counts, 1955) and
from 1955 to 1958 hake were consistently second in abundance to Northern
anchovy, Eng~auU8 morda:c (Ahlstrom, 1965).
Commercial Fisheries
Pacific hake have been utilized in California at least since Lockington
(1881) noted them in San Francisco markets in 1879. Between 1916, when
California catch records were inaugurated, and 1951 annual hake landings
ranged from 500 to 234,331 pounds and averaged 60,872 pounds. Subsequent
to the development of the animal food fishery in 1952 (Best, 1959) hake
landings gradually increased to a peak of 1,376,217 pounds in 1956. Begin-
ning in 1961, hake landings destined for use as animal food were recorded
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separately from those landed for food. Hake landed for food use ranged
from 3,275 to 139,699 pounds and averaged 55,793 pounds (Table 1, Figure 1)
between 1961 and 1971.
Hake caught off the California coast for animal food from 1961 to, 1971
peaked in 1965 at 685,000 pounds. For these 11 years the lowest annual
catch was 112,000 pounds in 1970; the average yearly catch was 298,000
pounds (Table 2, Figure 1).
The California landings of hake for food use typically occur between
'March and August. 1n,1971 when 34,685 pounds of fresh hake were lan44d in
the San Francisco, Monterey, and Santa Barbara statistical areas, landings
occurred from May through August; June was the peak month with landings of
18,485 pounds. Animal food landings in 1971 occurred throughout the year
but also peaked at mid-year (Pinkas, 1972; Figure 2).
Hake catches from other Pacific coastal areas for animal food have
general11 been low. Coastal catches between Oregon and Canada have been
below 50,,000: pounds except for 1965 when a mid-water trawl fishery off
norther~ OreSon accounted for 1,498,000 pounds. A mid-water and bottom
trawl fishery for hake in Puget Sound began in 1965 and animal food land-
ings from inside waters have ranged from 618,000 to 5,607,000 pounds from
1961 to 1971 (Table 2).
In 1966, the specialized mid-water trawl fishery off the Oregon and
washington coast took 3,707,000 pounds of hake for reduction. This fishery
expanded to 19,235,000 pounds in 1967, declined to nothing in 1969 and
increased to 3,051,000 pounds in 1971. In the same years, the reduction
fishery for hake in Puget Sound ranged from 2,100,000 to 7,667,000 pounds
(Table 3).
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The total coastal catch of hake for use as food, animal food, and for
reduction from 1966 to 1971 ranged from 152,000 to 19,775,000 pounds; the
annual average is 4,960,000 pounds. Since 1966, the Puget Sound hake fish-
ery has exceeded 7 million pounds. The peak landing year was 1968 and the
average annual catch is 6,986,000 pounds. Total hake catches from coastal
and inside waters range from 8.5 to 28.9 million pounds with an average of
13.4 million pounds (Table 4).
United States and Canadian hake landings have been minor compared to
catches since 1966 by Soviet trawlers. The Soviet trawl fleet is comprised
of side and stern trawlers and support ships and typically fishes off the
coast from spring to Dec.mber (Ritz, 1970). The estimated Soviet hake (.
catch for 1966 was 282,760,000 pounds. Exchange data for 1967 to 1971 show
Soviet catches increasing to 369 million pounds in 1970 and dropping to 335
million pounds in 1971. Soviet catches off California peaked at 76 million
pounds in 1967 and have been below 21 million pounds thereafter (Table 5).
Recreational Fisheries
A survey of sport fisheries during 1957 to 1961 between Point Arguello
and the California-Oregon border showed that Pacific hake were taken inci-
dentally by anglers trolling for salmon and bottom£ishing and by party boat
and skiff fishermen. The average weight of hake in the sport catch was 1
pound (41 cm) and the average annual landed catch was estimated to be 79
fish. It was found that at 6 ports 92.3 percent of the hake caught was
discarded at sea (Miller and Gotshall, 1965).
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BIOLOGICAL KNOWLEDGE
Range
Pacific hake are distributed from the Gulf of Alaska to the Gulf of
California (Wilimovsky, 1954, Starks and Morris, 1907). Within this area
three spawning aggregations occur. Hake spawning in Puget Sound during
winter are considered a separate stock from oceanic hake (Nelson and Lar-
kins, 1970, Utter, 1969 cited by Thorne, et aI, 1971).
The main oceanic spawning aggregation is found between December and
April in the area from San Francisco to Cape San Lucas, Baja California
and offshore at least 350 miles but is concentrated between Point Concep-
tion, California and San Quintin, Baja California (Ahlstrom and Counts,
1955). At the southern extreme of this aggregation, an overlap occurs
with another spawning group; these hake mature at smaller sizes than the
main oceanic stock and have certain meristic characters that indicate
them to be a separate species, M. angustimanus, that spawns about March
or April (Kramer and Smith, 1970).
Distribution and Sizes of Pacific Hake Off Califo-rnia
Acoustic surveys by the Department's Fisheries Resources Sea Surveys
Project over the past 5-1/2 years have located only one large hake coneen-
tration off California; it was detected in the San Pedro Channel on March 16,
1971 at 125-140 fathoms where the bottom depths were 475 to 485 fathoms.
The mid-water trawl catch from this concentration consisted of fish 11-23
em SL (Mais, 1972). While only one detection of a large hake school was
made, Pacific hake was third in frequency of occurrence in mid-water trawls
(10.9% frequency) behind. jack mackerel (Trachurus symmetpicue) and Northern
i
!
'I
l
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anchovy. Young hake, predominately 11" to 20 cm SL, were taken in southern
California and northern Baja California from February to September 1971
from the continental shelf and slope with depths between 17 and 2,000 fath-
oms. During 1969 young hake were also taken in a few trawls in Monterey
Bay from water with depths of 75 to 300 fathoms (Mais, 1971).
Small hake were the predominant fish taken coincidentally in trawls at
depths 40-100 fathoms for ocean shrimp (PandaZu8 jordani) in spring and
fall from 1961 to 1964 off central and northern California (W. A. Dahlstrom,
pers. commun.).
California trawl fishermen have caught large quantities of Pacific
hake during summ~r from shelf areas in Monterey Bay, off Bodega Bay, and
off Eureka and Crescent City.
Hake taken in otter trawls with 4-1/2 inch stretch mesh by the
California fleet have been measured during ecological studies and in rou-
tine sampling of animal food landings (Best, 1963, Best and Nitsos, 1964,
Jow, 1973). The resultant length frequencies are biased toward larger fish
since small hake escape through the 4-1/2 inch mesh. Some young fish are
retained and the length frequencies provide spatial and temporal informa-
tion on sizes of hake available throughout the year off California.
Other hake measurements have been made in conjunction with shrimp gear
studies with shrimp nets with 1-1/2 - 1-5!8inch mesh CMorgan and Gates,
1961) and during analyses of hake stomach contents (Nancy Nelson, pera.
commun.) where hake were taken with various size mesh nets.
Analyses of the length frequencies reveal that small hake under 35 cm
TL were common in Santa Barbara and Morro Bay animal landings during late
- 12 -,
fall to spring months. During the first and fourth yearly quarters more
than half of all hake sampled at Santa Barbara from 1963 to 1972 were less
,
than 37 cm TL. During the second and third quarters more than one half of the
hake were larger than 52 cm TL (Figure 3).
Annual length frequency distributions of hake off Santa Barbara show
variability in modal lengths. From 1963 to 1966 the predominant modes were
larger than 50 cm. In 1967 it was 37 cm, while from 1968 to 1971 the modes
were less than 35 cm (Figure 4). The significance of the smaller modes in
later years is unclear as the levels of sampling were small; whether or not
increased availability of small fish or a decline in larger fish occurred
is unknown. Fewer pounds of animal food and consequently fewer hake were
landed at Santa Barbara from 1969 to 1971 than in previous years.
In Shellfish Investigation studies of hake stomach contents hake were
sampled off Eureka and Crescent City from shrimp and groundfish trawls.
The sample design provided that hake larger than 30 cm were examined to
determine the incidence of ocean shrimp in stomachs. Some measurements of
small fish were also made. In 1967, the predominant modal length was 48
cm. Modes thereafter were between 51 and 52 cm (Figure 5).
General features of all the measurements are: Hake range in size from
110 to 865 mm TL, small hake less than 35 cm are common in winter and early
spring at Santa Barbara and Morro Bay; few small fish were sampled at San
Francisco and other northern ports where large hake were more available in
summer than during the first 4 months of the year; modal lengths are gen-
erally between 46 and 60 cm.
•
- 13 -
10
JAN- MAR
Median
I
I- Average
I
I
I
IoL--...:::::!.~--_l-JL---==----':~---~==~-
APR- JUN
JUL- SEP
10l..-.--.....c:.::::::a..",....,c::::::::.---,...,...----.L------.=:::::::=::~-
OCT- DEC
CM
5
OL~:::::::~~--...1------J~14'!-:O---...1.-----!6L:-O--:::::::x:::::~II:=::D~80~
TOTAL LENGTH
FIGURE 3. LENGTH FREQUENCIES OF PACIFIC HAKE LANDED
OURI NG QUARTER YEAR PERIODS 1963 -72 AT
SAMTA BARBARA
10
I
- 14 -
1963
1964
1966
1967
...
Z
LLI
U
~
~
a.
1988
1989
1970
"71
1972
30 eo
TOTA~ LIN8TH CM
FIGURE 4. LENeT H prR'EQUENC liS OF PACIFIC HAKI LAftDEO AT
SANTA BA••A,,,,,. 1••1-72
•
- 15 -
1967
1972
50 50 70
TOTAL LENGTH eM
FI au RE 5. LENITH FREQUENCIES 0' PACIFIC HAKE TAlCEN OFf
NORTHERN CALIFORNIA IN OCEAN SHRIMP STUDIES,
1967-72.
0
1968
>-
u
Z
I&J
::t
19690
1&1
•
-=
....
t- 1970
z
..,
u
~
11.1
a.
- 16 -
Migration
Alverson and Larkins (1969) hypothesized that within the geographical
range of coastal hake, the adult segment exhibits a large scale north-
south movement. The movement is northward in spring and Bummer from deep
water spawning areas between Point Conception and Baja California. This
movement is toward shore and into shallower water along the toast from
central California to Vancouver Island, Canada. In fall and winter a
southward movement occur. al,ong with movement into deeper water and sea-
ward. The young live in waters over the continental shelf but apparently
do not make large scale movements exhibited by adults, although young are
found as far north as central Oregon.
Soviet SCientists!! on the bases of activities of fishing and scouting
vess·e1s indicate that during April hake are found on the continental slope
in northern Ca~ifornia at 41° N 1at and at the end of the month move onto
the shelf at Hec.ta Bank, central Oregon, at 44° N lat. In May hake con-
centrations moved to Gray's Canyon off Washington at 47° N lat. In June,
hake were detected between northern California and the west coast of Van-
couver Island, Canada (49° N lat). An extension of the commercial quan-
tities of hake to Queen Charlotte Sound, Canada (51° N 1at) occurs generally
~ 1/ Anonymous Soviet documents received at 1969 and 1972 U.S.-U.S.S.R. Scien-
tific Meetings available at CFG and NMFS Laboratories : Concise informa-
tion about the scientific research works of TINRO near the Pacific ocean
coast of North America in 1968 and Report on the biological characteris-
tics and the abundance of Pacific hake, rockfish. blackcod, and Califor-
nia anchovy of the Pacific coast of North America in 1971.
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during July. In all areas the Soviet scientists noted daily vertical
migrations that are dispersed and to the surface at night are toward the
bottom and back in to schools during the day. A southward movement begins
in November that is completed in December. Young hake 18-35 cm occur in
Washington-Oregon catches in July and migrate away in August.
Best (1963) noted an absence of Pacific hake in winter except from
deep water, and that most fi.sh were taken during April to September on the
shelf in central and northern California. Best and Nitsos (1966) and Jow
(1973) and data contained herein indicate that small hake are abundant and
hake 40 cm and larger are relatively scarce at Santa Barbara and Morro Bay
during October to March. Also, large hake entered the animal food catch
at all ports from April through September. These observations support the
migration hypothesis; adults are off the shelf in winter and move onshore
and north in spring and summer.
Young hake, predominately 11 to 20 cm TL, were taken in mid-water
trawls by the Sea Survey Project in southern California and northern Baja
California from February to September 1971 from continental shelf as well
as slope areas (Mais, 1972). Small hake were also captured in a few mid-
water trawls in central California in 1969 over the shelf and slope (Mais,
1971). Young hake were common in March to April trawls by the Shellfish
Investigation on the shelf in central and northern California. The dis-
tribution of young hake appears to be widespread over both the continental
shelf and part of the slope off California and in some years as far north
as the Washington coast.
- 18 -
Reproduction
Best (1963) determined that both sexes of Pacific hake are mature when
40 cm TL or larger and 4 years of age. The fecundity of Pacific hake deter-
mined by Macgregor (1966) ranged from 80,000 eggs for a 346 mm SL fish to
'496,000 eggs for a 688 mm TL fish.~The number of eggs may be estimated by
multiplying standard length cubed by 0.00142 or by multiplying fish weight
by 192. Macaregor (1966) also concluded that Pacific hake spawn only once
a year.
Pacific hake spawn in winter and early spring off southern California
and Baja California. Ahlstrom and Counts (1955) found that hake larvae
were most abundant from February to April with a peak in March in the area
from Point Conception, California to San Quintin, Baja California. These
authors found the center of depth distribution at 50 to 100 meters, within
or just below the thermocline where temperatures ranged from 10.6 to 15.0°
C. Smith (1969) reported that at temperatures from 10.35° C and 14.68° C
Pacific hake incubation ttmes range from 72 to 120 hours with the times
decreaaing with increased temperatures.
Growth
Pacific hake grow rapidly during their first 6 years. They attain
total lengths of 16, 27, and 35 cm during their first 3 years (Best, 1963).
Respective lengths for males and females at age 4 are 48 and 46 cm (Nelson
and Larkins, 1970). At ages 5 and older, females grow faster than males.
Growth levels off for both sexes after age 6. Ages 6 through 13 have
average lengths between 52 and 62 cm. Combined data of Best (1963) and
Nelson and Larkins (1970) show rapid growth from ages 1 through 5 and
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slower growth thereafter (Figure 6). The largest female hake measured off
California was an 86.5 em TL fish sampled in October 1969 off northern
California.
Ages of Pacific hake are determined by the use of otoliths (Best, 1963,
Nelson and Larkins, 1970). No ages of Pacific hake in California landings
have been determined on a regular basis. Since Pacific hake 11 to 86.5 em
TL have been measured at California ports, all ages of hake are caught off
California. The age composition of Pacific hake in the Oregon-Washington
hake fishery for the years 1965-1967 contained few fish younger than 4 or
older than 10 years of age with predominant ages 5 to 7 (Nelson and
Larkins, 1970).
Mortality
Nelson and Larkins (1970) estimated from age compositions of Pacific
hake fully recruited to the fishery that annual natural mortality is about
43 percent. an instantaneous total mortality rate of 0.56.
REGULAT ION AND MANAGEMENT
The migratory feature of the oceanic Pacific hake stock renders it
under possible exploitation by fishermen of three coastal states. Canada,
and other fishing nations.
United States fishermen have fished Pacific hake for animal food for
reduction purposes. and for food to a limited degree. At levels exploited
by the U.s. tpere is no need for management processes. When required,
management could be coordinated through Pacific Marine Fisheries
Commission.
No other country. except the U.S.S.R., has fished purposefully for
Pacific hake. On the basis of U.S.S.R. hydroacoustic surveys in 1967,
-•
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the stock between San Francisco and Vancouver Island, Canada was estimated
at 2,028,232,000 pounds (920,000 metric tons) and the permissible harvest
1/to be 595,242,000 pounds (270,000 metric tons).- In 1969, the U.S.S.R.
estimated the Pacific hake stock to be 2,645,520,000 pounds (1,200,000
metric tons) for the above area, 41° N to 52° N lat. A United States esti-
mate from hydroacoustic surveys for the area from 44° 40' N to 49° 12' N
was 623,901,800 pounds (283,000 metric tons). The U.S. estimate, based on
egg and larvae surveys, for adult hake over its entire range is 5,798,098,000
pounds (2,630,000 metric tons).
Estimates by both countries in later years considered the hake stock to
be little changed over the 1969 estimates or to -be reduced.
The U.S.S.R. fishery has been based on older hake of the abundant 1961
and 1962 year classes. Improved recruitment to the 1972 fishery of above
average 1966-67 year classes predicted by U.S.S.R. scientists did not mate-
rialize. Considerations of the historical data indicate that the 1966-67
year classes were of medium abundance and year classes of other years were
of relatively low abundance. These fluctuations in abundance of individual
year classes are attributed to natural causes.
Continued surveillance of the fisheries is necessary to determine
their effects on the stocks as well as studies to provide accurate assess-
mente of the stock for management. purposes. Management of the Pacific hake
fishery when two countries exploit the resource can only be achieved
through bilateral agreements.
1/ The data discussed in this section evolved from U.S.-U.S.S.R. scientific
meetings between 1968 and 1972; documents are on file at various NMFS
and CFG Laboratories.
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DISCUSSION
Research efforts by United States agencies on Pacific hake have
revealed that the establishment of a fishery is feasible provided economic
and other constraints are overcome.
A successful reduction and animal food fishery on a hake stock in
Puget Sound, Washington has been in operation since 1965. This fishery is
facilitated by the feature of the stock of aggregating in limited areas so
that the fleet can efficiently harvest the resource. In contrast, the
United States coastal hake fishery for reduction purposes failed as a
result of economic problems, including the inability of a small fleet to
efficiently find and capture a mobile resource.
For a large scale Pacific hake fishery to be established in California
a consistent demand for raw material must exist. Then effective locating
and capture systems must be implemented to allow an economical take.
A reduction fishery in California might not be feasible due to the
migratory nature of the stocks which would render them available in reduc-
tion quantities only for a short period of the year. Diversified uses for
food use in the form of fillets, fish blocks, or minced flesh for reconsti-
tution as proposed by Dassow, et a1 (1970) could contribute to a successful
fishery.
REFERENCES
Ahlstrom, Elbert H. 1965. Kinds and abundance of fishes in the California
current region based on egg and larval surveys. Calif. Coop. Oceanic
Fish Invest. Rep. 10:31-52.
Status of the animal food fishery in northern California,
Calif. Fish Game, 45(1):5-18.
- 23 -
Ahlstrom, Elbert H. and Robert C. Counts. 1955. Eggs and larvae of the
Pacific hake MepluooiuB p~dUCtu8. u.s. Fish Wi1dl. Serv., Fish. Bull.
99:295-329.
Alverson, Dayton L. and Herbert A. Larkins. 1969. Status of knowledge of
the Pacific hake resource. Calif. Coop. Oceanic Fish. Invest. Rep.
13:24-31.
Best, E. A. 1959.
1956 and 1957.
1963. Contribution to the biology of the Pacific hake, Mepluaciu8
pPOductuB (Ayres). Calif. Coop. Oceanic Fish. Invest. Rep. 9:51-56.
Best, E. A.,and R. J. Nitsos. 1966. Length frequencies of Pacific hake
(MepZuaciuB produatus) landed in California through 1964. Calif. Fish
Game, 52(1):49-53.
Croker, Richard S. 1942. Latent marine fisheries resources of California
and western Mexico. Calif. Fish Game, 28(4):175-181.
Dassow, John A., Max Patashnik and Barbara J. Koury. 1970. Characteristics
of Pacific hake, MepZuaaiuB productuB, that affect its suitability for
food. U.S. Fish Wi1dl. Serve Circ., 332:127-136.
Ritz, Charles R. 1970. Operation of the Soviet trawl fleet off the Washing-
ton and Oregon coasts during 1966 and 1967. u.s. Fish Wi1d1. Serve
Circ., 332:53-75.
Holmberg, Edwin K. 1947. Hake. p. 99. In: The commercial fish catch for
the year 1947 with an historical review 1916-1947. Calif. Dep. Fish
and Game, Fish Bull. (74):1-267.
Jow, Tom. 1973. Pacific hake length frequencies at California ports, 1963-
1970. Calif. Dep. Fish and Game, Mar. Resour. Tech. Rept. (2):1-22.
- 24 -
Kramer, David and Paul E. Smith. 1970. Seasonal and geographic character-
istics of fishery resources. California current region - III. Pacific
hake. Commer. Fish. Rev., 32(7):41-44.
Lockington, W. N. 1881. Report upon the food fishes of San Francisco.
Report of the Commissioners of Fisheries of the State of California for
the years 1878 and 1879. pp. 17-58.
Mais, K. F. 1971. California Department of Fish and Game fisheries
resources sea survey cruises, 1969. Calif. Coop. Oceanic Fish Invest.,
Data Rep. (19):1-131.
1972. California Department of Fish and Game fisheries
resources sea survey cruises, 1971. Calif. Coop. Oceanic Fish Invest.,
Data Rep. (21):1-132.
Miller, Daniel J. and Daniel Gotshall. 1965. Ocean sportfish catch and
effort from Oregon to Point Arguello, California. Calif. Dep. Fish
and Game. Fish Bull. (130):1-130.
Morgan, A. R. and D. E. Gates. 1961. A cooperative study of shrimp and
incidental fish catches taken in shrimp fishing gear in California and
Oregon, 1958. Pac. Mar. Fish. Comm. Bull., 5:85-106.
Nelson, Martin O. and Herbert A. Larkins. 1970. Distribution and biology
of Pacific hake: A synopsis. u.s. Fish Wi1d1. Serve Circ. 332:23-33.
Paul, Clyde. 1960. Pacific hake MepZucoiuB ppoductus. p. 31. In:
California ocean fisheries resources to the year 1960. Calif. Dep.
Fish and Game, Sacramento:1-77.
Pinkas, Leo. 1972. Statistical report of fresh, canned, cured and manu-
factured fishery products for 1971. Calif. Dep. Fish and Game Stat.
Circ., 46:1-19.
•- 25 -
Smith. Paul. 1969. Calculation of hake spawning biomass from egg and larva
surveys. 1951-1969. p. 8. In: Spawning biomass of Pacific hake. 1969
compiled by the staff. Fisheries-Oceanography Center. NMFS La Jolla.
41 p. mimeo.
Starks. E. C•• and E. L. Morris. 1907. The marine fishes of southern
California. U. Calif. Pub1. Zool •• 3(11):159-251.
Thorne. Richard E.• Jerry E. Reeves. and Alan E. Millikan. 1971. Estima-
tion of the Pacific hake population in Port Susan. Washington. using
an echo integrator. Fish. Res. Bd. Canada. 28(9):1275-1284.
Utter. F. Ms. 1969. Biochemical polymorphisms in Pacific hake MerZuaaius
produatus A. Esterase polymorphisms in vitreous fluids. B. Lactate
dehydrogenace enzymes. C. Transferrin variants. Ph.D. Thesis Univ.
of California. Davis. Calif.:60 p.
Wilimovsky. N. J. 1954. List of the fishes of Alaska. Stanford Ichthy •
Bull •• 4(5):279-294.
- 26 -
.:;
Table 1. Annual Landings of Pacific Hake at California Ports,
1916-1971.
Year Pounds Landed Year Pounds Landed
1916 189,219 1946 550
1917 254,331 1947 876
1918 193,018 1948 4,600
1919 133,181 1949 1,535
1920 141,981 1950 500
1921 90,218 1951 24,972 1/
1922 74,516 1952 6,145 -
1923 78,969 1953 103,926
1924 60,780 1954 611,522
1925 22,017 1955 956,545
1926 58,335 1956 1,376,217
1927 84,553 1957 1,150,006
1928 108,648 1958 1,135,138
1929 145,669 1959 1,097,069 .-
1930 56,088 1960 325,088
1931 12,501 1961 3,275
1932 29,001 1962 78,530 ~
1933 37,539 1963 139,699
1934 56,901 1964 111,529
1935 73,843 1965 119,255
1936 50,791 1966 69,002
1937 63,454 1967 14,430
1938 36,428 1968 6,494
1939 13,661 1969 27,047
1940 18,049 1970 9,775
1941 15,044 1971 34,685
1942 41,981
1943 10,505
1944 4,751
1945 2,415
21 Hake landed for animal food included for years 1952-1960.
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Coast Hake patches for Animal Food in Thousands ofTable 2. Pacific
Pounds, 1961-19711.
Coastal Waters Inside Waters
Oregon- British Puget Strait of
Year California Washington Columbia Sound Georgia Total
1961 442 22 3 11 478
1962 343 2 1 4 350
1963 227 5 232
1964 224 1 225
1965 685 1,498 20 736 2,939
1966 245 20 10 5,607 3 5,885
1967 477 38 10 4,182 4,707
1968 345 1 20 4,209 4,575
1969 181 25 20 618 844
1970 112 1 1,438 1,551
1971 115 2,948 3,063
1./ Data from Pacific Marine Fisheries Commission Groundfish Data Series.
Table 3. Pacific COfft Bake Reduction Landings in Thousands of Pounds,
1966-1971-
Coastal Waters
Oregon- British
Year Ca1ifol>nia Washington Columbia Puget Sound Total
1966 3,707 25 2,100 5,832
1967 1 19,235 4,979 24,215
1968 4 5,035 5,039
1969 7,667 7,667
1970 28 1 7,293 7,322
1971 3,051 4,566 7,617
1/ Data from Pacific Marine Fisheries Commission Groundfish Data Series.
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Table 4. Pacific Hake Catch by Canadian and United States
Fishermen in Thousands of Pounds, 1966-l97l.l!
Coastal Puget Sound
Year Catch Catch Total
1966 4,007 7,710 11,717
1967 19,775 9,161 28,936
1968 376 9,244 9,620
1969 253 8,285 8,538
1970 152 8,731 8,883
1971 3,201 7,514 10,715
11 Data from Pacific Marine Fisheries Commission Groundfish
Data Series.
"
Table 5. Soviet Trawl Catches of Pacific Hake off the Pacific Coast
1966-1971. 11
."
in Thousands of Pounds,
Oregon- British Total Total
Year California Washington Columbia Pounds Metric Tons
1966 282,760 !I 128,259
1967 76,453 274,803 17,660 368,916 167,339
1968 8,984 140,700 78,933 228,617 103,700
1969 20,584 159,152 116,385 296,121 134,320
1970 31 13,203 299,208 56,197 368,608 167,199
1971- 335,099 152,000
11 Source: U.S.S.R. Data received through reciprocal data exchange pro-
visions resulting from annual U.S.-U.S.S.R. Bilateral Scien-
tific Meetings.
!I Source: Commercial Fisheries Review 30(2):41.
II Detailed catch records not yet available. ..
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Appendix 1. Length Frequencies of Pacific Rake Landed During Quarter Year
Periods 1963-72 at Santa Barbara
Total Length January - April - July - October -
..
Centimeters March June September December
11 1 1
12 1 1
13
14 1 1
15 4
16 5
17 2 6
18 1 3
19 2 1 1
20 4 1 1 5
21 3 1 18
22 24 2 32
23 53 2 77
24 63 9 100
25 84 11 2 95
26 53 14 5 54
27 50 14 6 44
28 43 10 10 36
29 44 6 8 38
30 34 17 10 42
31 37 16 11 48
32 40 15 13 70
33 38 21 12 62
34 29 13 13 37
35 37 7 29 48
36 25 5 24 50
37 38 8 27 40
38 41 7 35 33
39 34 6 13 35
40 23 7 22 31
41 32 10 18 40
42 30 6 20 35
43 17 12 26 29
44 20 8 19 28
• 45 29 13 22 31
46 13 10 16 32
47 10 17 20 23
48 9 11 28 25
49 13 12 29 23
50 15 14 50 21
51 9 12 49 19
52 8 7 49 31
53 17 10 48 32
54 14 12 42 22
55 18 8 41 19
56 11 15 61 32
57 19 13 55 12
58 18 24 56 25
59 19 17 58 17
60 28 21 47 27
61 26 29 46 15
62 25 21 17 15
63 25 21 20 19
64 19 18 25 15
65 21 23 15 14
66 12 18 9 12
67 12 21 6 9
68 5 11 9 7
69 11 6 3 5
70 6 11 2 4
71 5 7 3 5
72 5 4 1 3
73 4 3 2 4
74 4 3 3
75 2 2 2
76 1 1 4
77 1 1
78 2 2
79 2 1
80 1
81
'"
82 1
83 1
84 1
TOTAL 1,343 637 1,163 1,680
MEAN LENGTH 40.0 49.7 50.3 38.8
MEDIAN 37 52 52 37
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Appendix 2. Length Frequencies of Pacific Rake Sampled at Santa Barbara, 1963-1972
Total Length
Centimeters 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
11 1 1 ;
12 1 1
13
14 1 1
15 1 3
16 3 2 ,
17 4 1 2 1
18 1 2 1
19 2 2
20 1 3 3 4
21 10 5 1 2 2
22 29 28 10 1
23 7 1 55 56 12 1
24 5 2 59 80 26
25 11 4 64 73 40
26 11 9 38 39 27 2
27 10 4 10 28 22 34 5 1
28 12 3 8 7 25 23 16 4 1
29 6 7 6 33 17 18 9
30 9 1 13 9 17 28 20 5 1
31 10 2 10 6 40 15 23 6
32 9 16 8 46 15 31 14
33 7 4 12 6 40 26 25 11 2
34 9 2 8 1 22 24 16 7 3
35 3 3 13 20 30 22 19 8 5
36 5 8 4 18 34 15 11 5 5
37 4 14 5 24 18 19 19 8 3
38 12 7 3 14 22 21 15 5 5
39 11 11 5 4 14 20 16 5 2
40 6 12 4 12 18 14 10 2 5
41 17 9 6 7 18 23 13 5 2
42 20 8 8 3 14 20 12 2 4
43 19 12 6 4 20 10 9 4
44 17 10 8 2 17 8 8 1 4
45 24 11 5 3 16 11 16 5 4
46 16 7 6 2 12 12 10 3 3
47 24 7 7 4 12 3 6 4 3
48 21 9 9 6 12 4 4 3 5
49 26 9 9 3 14 4 7 1 4
50 32 8 21 2 22 7 5 1 2
51 25 9 15 11 17 8 3 1 :-52 19 17 14 12 24 6 2 1
53 20 11 19 7 31 11 4 1 3
54 9 9 28 7 17 11 6 3
55 11 6 16 10 30 8 3 2
56 12 7 32 10 34 12 4 4 2
57 13 20 11 35 17 1 2
58 11 5 29 11 45 15 2 3 2
59 7 2 31 16 34 14 6 1
60 5 4 36 15 41 18 5 1
61 7 28 11 44 13 3 5 5
62 3 20 6 22 16 10 1
63 8 2 17 6 28 18 3 2 2
64 3 2 21 4 22 17 4 1 3
65 1 23 8 17 16 5 2 1
66 2 1 11 6 14 10 1 5 1
67 1 2 10 3 17 10 3 1 1
68 1 1 5 2 13 8 1 1
69 1 1 4 3 4 8 3 1
70 1 4 1 7 6 1 1 2
11 1 5 2 6 6
72 1 1 6 1 3 1
73 1 2 1 5 1 1 1 1
74 1 1 3 4 1
75 1 2 1 2
76 1 1 4
77 1 1
78 1 1 1
79 1 1
80 1
81
82 1
83 1
84 1 ;
TOTAL 530 238 589 366 1,330 925 572 167 106
AVERAGE LENGTH 44.7 46.5 52.4 46.2 42.9 39.3 36.7 40.9 49.5
...
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Appendix 3. Length Frequencies of Pacific Hake Taken off Northern
California in Ocean Shrimp Studies, 1967-72
.-
TL
em 1967 1968 1969 1970 1971 1972
~ 15 1
16
17
18
19
20 2
21 4 1
22 1
23 6
24 11 1 1
25 17 1
26 43 4
27 55 5 1
28 75 7
29 80 6 1
30 43 8 2
31 25 9
32 2 8 17 1
33 2 18 2
34 4 17 4
35 7 14 2
36 5 8 3 6
37 10 19 10
38 7 13 10
39 8 13 2 9
40 4 9 15 4 4
41 4 9 11 12 (,
42 10 8 7 9 3
43 16 16 13 21 4 1
44 16 9 7 10 4 1
45 17 25 21 18 16 6
. 46 35 31 33 19 14 8
47 46 59 40 25 19 10
48 64 90 64 50 17 13
49 54 136 73 68 24 26
50 46 124 85 80 23 40
"
51 55 142 102 69 36 40
52 28 109 90 50 25 48
53 24 74 59 34 18 35
54 28 67 55 33 32 35
55 29 76 48 22 19 2956 19 68 55 19 9 17
57 36 50 37 10 16 18'58 16 38 36 8 9 1259 22 46 36 5 10 1160 19 23 27 11 6 1
61 10 24 30 9 12 3
62 5 13 26 10 5 1
63 15 11 20 4 7 3
64 8 10 22 6 6 465 2 1 22 2
66 7 4 14 3 2
67 3 3 8 1 4
68 4 2 20 3 2
69 2 7
70 2 7 6 1
71 2 1 4 2
72 1 2 1
73 1 13 2
74 2 5 1
75 6 1
76 7 1 1
77 1 4 1
78 2 1
79 1 1 2 380 1 2
81 3
82 2 1
83 1
(Ifl 84
85
86 1
8-73 350
